TIR1 , sugof SCF ubiquitin ligases [2]. We provide evidence that cullin neddylation and deneddylation is highly dygesting that CSN is necessary for its degradation [4]. In mammals, overexpression of the CSN5/Jab1 causes namic, that its equilibrium can be effectively modulated by CSN, and that neddylation allows Cul1 to form p27 nuclear export and promotes its degradation [15]. CSN5/Jab1 is also thought to promote degradation of larger protein complexes. CSN2 integrates into the CSN complex via its C-terminal region and its N-ter-
. Incubation of HeLa cell extract negate the CSN-dependent p27 stabilization and the with the purified CSN complex led to a quantitative de-G1/S blockage, suggesting that these functions recline of Nedd8-modified Cul1 (Cul1
Nedd8
) and Cul2
, quire the deneddylation activity. We conclude that with a corresponding increase in the unmodified forms CSN inhibits SCF ubiquitin ligase activity in targeting ( Figure 1A ). This was further confirmed by immunoprep27 proteolysis and negatively regulates cell cycle at cipitation of Cul1 and immunoblot analysis of Nedd8 the G1 phase by promoting deneddylation of Cul1. Figure 1D) . Apparently, the anti-Flag antibody, we found that the C-terminal
Prompted by direct contact of CSN2 and Cul1, we investigated the possibility that the anti-CSN2 antibody blocks cullin deneddylation by hindering the interaction between CSN2 and SCF Cul1. As shown in Figure 2B , the anti-CSN2 antibody is slightly more effective in pullingdown the CSN complex, but the amount of Cul1 coprecipitated with CSN was notably less in the anti-CSN2 immunocomplex than in the anti-CSN1 immunocomplex. This result supports the idea that the anti-CSN2 antibody weakens CSN-SCF interaction. In addition, anti-CSN2 antibody may also sequester an as yet unidentified deneddylating enzyme from binding to the complex or block a CSN2 domain required for the catalytic activity.
CSN Inhibits p27
kip1 Protein Degradation In Vitro To investigate whether CSN affects SCF ubiquitin ligase activity, we examined ubiquitin-dependent degradation of p27, a substrate of SCF skp2 E3 ubiquitin ligase [22-24]. Using an established in vitro p27 degradation system that is optimal in the presence of cyclin E/CDK2 [23], we found that addition of the purified CSN complex caused a decrease in p27 polyubiquitination ( Figure 3A ) and a corresponding increase in its stability ( Figure 3B ) in a CSN concentration-dependent fashion. Moreover, the inhibitory activity on p27 degradation is heat sensitive, as a 15 min incubation of CSN at 68ЊC evidently Figures 4AB and 4AE ). in Flag-CSN2, allows high-affinity interaction with endogenous Cul1.
As summarized in Figure 4B , comparing with the sur- Figure 3) . We Genetic analysis of csn1 (caa1) and csn2 mutants of the fission yeast has revealed an important yet undecannot, however, exclude other substrates that may also contribute to the observed G1/S inhibition. fined role of CSN in the late S phase of the cell cycle [28] . Consistent with this finding, mammalian cells exIn this study, we took a direct approach to show that CSN inhibits the SCF activity in targeting p27 and retards pressing CSN6 antisense-RNA arrest at G2 phase [29] . Here, through a gain-of-function approach, we revealed the cell cycle progression at G1 phase by a mechanism requiring Cul1 deneddylation. These results not only rethat, in addition to its positive role in S and G2 phase, CSN also plays a negative role at G1 phase of the cell inforced the notion that neddylation represents a new pathway in regulating the SCF activities, but also lay an cycle. The dual roles of CSN in cell cycle progression once again highlight the pleiotropic nature of CSN. emphasis on CSN-mediated deneddylation, as opposed to APP-BP1/Uba3 and Ubc12 driven neddylation, in dicClearly, proper control and coordination of the activities of CSN will be critical in maintaining cellular homeotating cullin neddylation dynamics. It remains to be determined which neddylation/deneddylation compostasis. nents represent the key factor in response to cellular 
